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HERBERT C. MILLER
The subject of cardiac hypertrophy unassociated with congenital
malformation of the heart or great vessels in newborn infants has
received scant attention. Although many text-books on pediatrics
have been consulted, only one reference to the condition was found
and that was by Von Reuss."1 He described a single case briefly and
stated that theetiology was unknown. Recent studies indicate, how-
ever, that a considerable increase in the size and weight of the heart
may be present at birth in certain conditions. Miller and Wilson
have observed, by means of roentgenograms, atemporarybut marked
enlargement of the heart in infants born to mothers with diabetes
mellitus.9 The enlargement of the heart in these infants is present
at birth and disappears, so far as is known, by the.end of the second
month of life. Post-mortem studies of the hearts of these infants
indicate that the cardiac enlargement is an actual hypertrophy in the
sense that the organ has an increased weight in about 50 per cent of
the fatal cases.9 Cardiac hypertrophy has also been recognized in
the post-mortem studies made on newborn infants dying with
erythroblastosis fetalis and hydrops fetalis by Diamond, Blackfan,
and Baty,3 by Hellman and Hertig,7 and Liebegott.8 These obser-
vations raise the question as to whether or not cardiac hypertrophy
occurs under other circumstances in the newborn period and, if so,
how can itbe recognizedeitherclinically oratthe autopsytable.
The most suitable method at the present time of recognizing
and determining the incidence of cardiac hypertrophy is through a
study of the weight of the heart obtained at the autopsy table. A
heart with an excessive weight can be accepted in a broad sense as a
hypertrophied heart. In order to decide whether or not a heart in
a given case has an excessive weight, accurate knowledge of the
weight of the heart under conditions as normal as possible should
be available. Several attempts have been made to determine the
weight ofthe heart of newborn infants. The results ofthese studies
are listed in Table 1. It is apparent from an inspection of the data
in the table that the results vary considerably. One example of the
difficulty that exists in trying to diagnose cardiac hypertrophy from
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TABLE 1
HEART WEIGHT IN NEWBORN INFANTS
Heart weights Author Average Limits
Premature Infants
Ylpp614 0.5 to 0.75% body wt.
Cruikshank 8 to 9 mos. gest. 9.25 gm. 5.6 to 15.85 gm.
andMiller2 17 mos. gest. 13.48 gm. 7.35 to 26.95 gm.
Full-term Infants
Gundobin6 16.87 ........................
wt. heart 1 1 1
Feldman4 wt. body 170 114 to 211
Vierordt13 24 gm. ........................
Cruikshank and Miller2 22.3 gm. 9.4 to 46.8 gmi.
Muller1o 19.75 gmn. .......................
Goodman5 ............ 20.6 to 23.6 gm.
Scammon12 ............ 20 to 25 gm.
Coppoletta and Wolbachl 17 gm. 8 to 23 gm.
the data in Table 1 will suffice. Diamond, Blackfan, and Baty3
based their opinion that infants with erythroblastosis fetalis some-
times had cardiac hypertrophy on the fact that in three of their
autopsied cases the hearts weighed between 24 and 26 grams as com-
pared with a normal averageweight of 17 grams as found by Coppo-
letta and Wolbach.' If the weights of the heart in these three cases
had been judged by Scammon's data (Table 1), the diagnosis of car-
diac hypertrophy would have been unfounded. The data in Table
1 are of dubious value not only because of their extreme variability
but also because in no instance were the data treated statistically,
thus precluding any accurate estimation of an abnormal cardiac
weight in any given case. The original data on which previous
investigators have made their estimates are not available except in
the report byCoppoletta and Wolbach. The results of these authors
deviate so far from most others and their original data on newborn
infants are so few as to make them unacceptable. Because of the
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lack of agreement in the data on the normal weight of the heart
in newborn infants, a study of the normal cardiac weight was under-
taken as part of the present work. Information was also sought as
to the incidence of cardiac hypertrophy in newborn infants and as to
the possibility of diagnosing this condition during life.
Material and methods
The autopsy files of the New Haven Hospital between the years 1929
and 1941, inclusive, furnished the material on which this study was based.*
The post-mortem records of all infants who were less than one month of
age at the time of death were studied. The weight of the body at the time
of birth and at autopsy, the age of the baby at death, the anatomical diagnosis,
and the weight of the heart were recorded.
Certain types of cases were excluded, since it was felt that their inclusion
might distort the values given for either the weight of the heart or that of
the body, although it was not certain that in specific instances there was any
gross distortion of either. The types of cases excluded were infants with
anomalies of the heart or great vessels, malformations of the kidneys or
genito-urinary tract, and congenital anomalies of the central nervous system.
Monsters and infants with gross abnormalities were also excluded. Infants
whose body weights were abnormally increased, as by a hydrocephalus or
ascites, were not included. No infant who was a twin was accepted.
Macerated fetuses were omitted. Infants dying with erythroblastosis fetalis or
whose mothers had diabetes mellitus were not included in the control group.
Results
Inall, 226 autopsy protocols were studied. From this group there
were excluded all the cases with the defects mentioned above. There
remained 134 cases, and these have been considered as a control
group. The control group contained 51 premature infants (weighing
less than 2500 gm. at birth) and 83 full-term infants. The average
weights ofthe bodies and hearts of the 83 full-term infants according
to their ages at the time ofdeath are given in Table 2. It is seen that
the time of the full-term infant's death is not a significant factor in
altering the weight of the heart during the first month of life. The
average weights of the hearts and bodies of full-term infants that
were stillborn were not significantly different either from those of
infants dying duringthe first 7 days or those who succumbed between
* The author acknowledges his indebtedness to the Department of Pathology for
permission to use the material in the autopsy protocols of the infants in this study.
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TABLE 2
AVERAGE WEIGHTS OF BODY AND HEART ACCORDING TO AGE OF FULL-TERM INFANTS
AT DEATH
Age at death No. of cases Av. wt. of body Av. wt. of heart
(kg.) (gm.)
Stillborn 34 3.47 22.26
a i .47 ± 4.64
1-7 days 29 3.17 20.17
a -L.38 4 4.12
8-28 days 20 3.26 21.65
a 4 .51 ± 3.58
Total 83 3.31 21.36
8 and 28 days of life. Similar observations on the weights of the
bodies and hearts of premature infants according to the age of the
infant at death were not made. It was obvious that the body weights
of the premature infants, which varied from 600 to 2500 gm., would
be a factor of greater importance than is the time of the infant's
death, sincethe spanoflife forwhich the data wereobtained was only
for the first month.
If the age of the infant is disregarded and if the weight of the
heart is plotted against theweight ofthe bodyat autopsy, as in Fig. 1,
there appears to be a good correlation between the two weights, both
for premature and full-term infants. For the 134 cases the correla-
tion coefficient was found to be 0.88. The regression line was found
to be expressed by the equation: y=.00624x + .63 ± a3.27, where
ystands fortheweight ofthe heart and x forthe weight of the body.
In Table 3 are listed the cases dying in the first 4 weeks of life in
which the hearts were considered to be abnormally increased in
weight. Five of the 8 infants either died having erythroblastosis
fetalis or were borntodiabetic orprediabetic mothers. A sixth infant
(case 5) hadprofoundhypoglycemia. Case 7 wasapremature infant
dying at two weeks of age with a venous thrombosis of the cerebral
sinuses, and case 8 had a peritonitis resulting from a perforation of
she stomach. In every instance but one (case 4) the difference
between the observed weight ofthe heart and the weight of the heart
as calculated from the equation, y .00624x + .63 ± u3.27, is more
than threetimes the standard deviation. In case 4 the difference was
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more than twice the standard deviation. It is not certain that the
iv?ight of the heart in case 4 should be considered either as one of
excessive weight or as a chance observation.
The important clinical observations and physical findings relative
to. the cardiac hypertrophy in the infants that were born alive (cases
3 to 8, Table 3) are shown in Table 4. In all the infants for whom
there were clinical records there was some physical or laboratory
finding that could be interpreted as being the result of heart failure
or cardiac pathology. The usual observations included cyanosis,
TABLE 4
Day of Physical findings
Case No. Diagnosis death General Heart X-ray data
3 Erythroblastosis 1 Tachypnea Normal Not done
fetalis Cyanosis
Edema
4 Erythroblastosis 1 Cyanosis Normal Not done
fetalis
5 Hypoglycemia 4 Poor color BlowingX-ray, large heart
4th day systolic and congestion
murmur 3rd day
3rd day
6 Erythroblastosis 7 None recorded Not done
fetalis*
7 Venous thrombosis 14 Tachypnea Normal Not done
Cyanosis
Dyspnea
(10 to 14 day)
8 Peritonitis 20 Tachypnea Normal Not done
_(day before death)
* Died in another hospital. Clinical record incomplete.
dyspnea, tachypnea, and edema. Physical examination of the hearts
was of little aid and in only one instance (case 5) was anything
unusual made out. It is interesting that one observer thought the
heart in this case was enlarged, but this was not confirmed by others
although it was subsequently so proven by the roentgenogram
(Fig. 2).
Discussion
The wide variations in the weight of the heart of newborn infants,
as recorded by other investigators, raises the question as to whether
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or notthe present data are any more acceptable than are thosealready
published. Any estimate of the weight of the heart made from
routine post-mortem studies must take into consideration the accuracy
of the scale employed, the method of preparing the heart prior to
weighing, and the accuracy of the recording of the weight. None of
these factors was closely controlled in the present study, but neither
werethese factorsstatedtobecontrolledinthepreviousinvestigations.
Hence, the errors should be potentially the same in this study as in
those previously made. The failure to control these factors does not,
therefore, preclude comparing the present results with those reported
from other sources. It is interesting and important that the average
weight ofthehearts of 34 full-term stillborn infants born in the New
Haven Hospital was found to be a little over 22 gm. and this figure
is in good agreement with the results found by Vierordt, Cruiksshank
and Miller, Feldman, and Muller for full-term infants at birth (see
Table 1). Furthermore, if the normal limits of the heart weight
found by Goodman and Scammon (Table 1) are averaged, their
figures also approximate those just mentioned. The only data that
deviate from the above results are the figures for the limits of the
heart weight given by Cruikshank and Miller, the average result
stated by Gundobin, and the data taken from Coppoletta and Wol-
bach. The high figure of 46.8 gm. given by Cruikshank and Miller
for the highest cardiac weight only serves to indicate that some
infants at birth have abnormally heavy hearts, a fact which evidently
was not encountered by the other investigators. Criticism of Gun-'
dobin's low average weight of 16.87 gm. for the heart weight in
newborn infants cannot be made, since the original data on which the
author based the figure are not available. The low figure of 17 gm.
for the average weight of the heart obtained by Coppoletta and
Wolbach is open to criticism from several points of view. These
authors chose to present their data on the weight of the heart in
relation to the age of the infant at the time of death. The results of
the present study and those of MUller'0 indicate that the relation
between heart weight and the age of the infant is a very poor one
during the first few weeks of life. In the second place the number
of cases on which Coppoletta and Wolbach based their low average
figure of 17 gm. was only 14. This is not a large enough group to
prevent the error that would arise from including a disproportionate
number ofinfants ofrelativelylow birth weight, especially in view of
the fact that theirvalues for the limits of the heart weight covered so
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wide a range, from 8 to 23 gm. Although the authors state that
prematurity was sufficient grounds for eliminating cases from their
study, they do not define prematurity nor do they state the weights
of their infants either at birth or at autopsy, thus precluding the pos-
sibility of comparing their results directly with others on the basis
of body weight. Since their results for the newborn in the first week
of life differ so much from those from other clinics, the advisability
of adopting them for general use seems questionable. Since the
results of the present study are similar to most of the reported data
and since it is shown in the present study that the relation between
heart weight and body weight is a good one, it seems reasonable to
believe that the data presented here may be generally applied in esti-
mating normal andabnormal cardiac weights. It should be borne in
mind that the adoption of more uniform methods of preparing the
heart for weighing and the more accurate recording of weights will
probably show that the relation between body and heart weight is
even closer than was found here.
The need for accurate measurement of the weight of the heart is
not merely an academic one. The incidence of hypertrophied hearts
in the present series is not negligible, there being 8 among the 134
cases. Six of the 8 cases were found to occur in infants less than 7
days of age. During the first week of life cardiac hypertrophy is
apparently seen only in infants who are known frequently to have
enlarged islands of Langerhans, excessive erythropoiesis in the liver,
macrosomia, and/orhypoglycemia. Theassociation ofcardiachyper-
trophy with one or all of the above somatic and visceral changes in
the fetus is found, so far as is known, only in two groups of infants,
namely, those born to diabetic and prediabetic mothers and those
with erythroblastosis fetalis bornto mothers in whom the Rh factor is
not present.9 The cardiac hypertrophy in the infants born to diabetic
mothers has been shown by Miller and Wilson9 to be greatest at
birth and to decrease, so that by the time the infant is 6 or 8 weeks
old the heart appears normal in all respects. Unpublished mate-
rial in this clinic indicates that the hypertrophy of the heart observed
in babies with erythroblastosis fetalis born to Rh-negative mothers
follows a course similar to that in infants of diabetic mothers. The
temporary character of the cardiac hypertrophy and the fact that
infants of diabetic mothers and infants with erythroblastosis fetalis
usually die in the firstthree or four days of life undoubtedly accounts
for the absence of cardiac hypertrophy in cases that come to autopsy
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after the age of one or two weeks. In the present study only two
infants were found to have cardiac hypertrophy between the ages
of one and four weeks and neither of these infants fell into either
of the two groups of infants that characterize the deaths in the first
7 days of life. Some doubt may even be attached to the desirability
ofincludingcase 7 as an instance ofcardiachypertrophy. This infant
lost half a kilogram of weight from birth to the time of death and if
the heart weight were calculated from the birth weight, which it
ordinarily might beexpected to have regained by the fourteenth day,
instead of from the autopsy weight, the difference between the
observed weight of the heart and the calculated weight would be less
than three times the standard deviation and, hence, possibly not sig-
nificant. Large losses of body weight, as in case 7, should be taken
into account in judging abnormal cardiac weights. The enlargement
of the heart in case 8 is clearly a significant one, but the explanation
for it is not revealed by the gross or microscopic examination of the
organ.
The diagnosis of cardiac hypertrophy in the neonatal period is
difficult. As is indicated in Table 4, it is unusual to make out any
abnormal findings by physical examination. It is well known that
heart murmurs maybe heard in thenewborn period only to disappear
subsequently and that no murmurs may be heard at all in the pres-
ence of marked congenital malformations of the heart and its great
vessels. The diagnosis during life of an enlarged heart can best be
made by roentgen examination. The present study indicates that
not all cardiac enlargement in newborn infants should be considered
by the clinician as evidence of congenital malformation. In infants
with respiratory and circulatory difficulties more attention should be
given to the roentgen determination of heart size than has been
given in the past, particularly in the first few days of life. These
remarks apply especially to babies born to diabetic mothers and to
those with erythroblastosis fetalis born to mothers who are Rh
negative.
Summary
1. A good correlation exists between the weight of the heart and
the weight of the body at autopsy in infants dying in the first month
of life. A formula has been derived which permits an estimation of
the weight of the heart in an infant with a given body weight.
2. Instances are observed in which the weight of the heart is in
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excess of the expected value. Such instances are observed with a
high frequency in infants born to mothers with diabetes mellitus
and in infants dying with erythroblastosis fetalis. Hearts with an
excessive weight are also observed in other diseases but with a much
reduced incidence.
3. Cardiac hypertrophy unassociated with any congenital mal-
formation of the heart or its great vessels should be considered as a
possible diagnosis in newborn infants with cyanosis, tachypnea,
dyspnea, enlarged liver, or edema.
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FIG. 2. Case 5, Table 4. Cardiac enlargement on the third day of
life. [ransverse diameter of heart, 6 cm., transverse diameter of thorax.
10 cm.
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